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Research on Best Estimate Plus Uncertainty Method for Neutronics Analysis

SHIBA Shigeki, IWAHASHI Daiki, and SAKAI Tomohiro
Division of Research for Reactor System Safety,

Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

The purpose of this research project is to continuously improve neutronic methodology
using best-estimate and uncertainty analysis methods in relation to the application status of Best
Estimate Plus Uncertainty (BEPU) during the safety review of commercial light water reactors.
S/NRA/R conducted the research project from FY2020 to FY2023.

In developing the best-estimate method, the three-dimensional thermal hydraulic
coupling code, TRACE/PARCS, was improved so as to evaluate neutronics behaviors during
anticipated operational occurrences and design basis analysis, and this code was then used to
enable reactivity-initiated accident analyses. In addition to obtaining fine behaviors during the
anticipated operational occurrences and design basis analysis, a three-dimensional detailed core
kinetic analysis code was developed to obtain reference results for verification of
TRACE/PARCS, and the calculation functions of the code were extended to analyses of actual
commercial reactors.

During the development of the uncertainty quantification method, the uncertainty
quantification method in the burnup calculation considering the fission yield uncertainty was
initiated in addition to uncertainty quantification method for reaction cross-section uncertainty,
and their impacts on the analysis results were evaluated on benchmark problems. Considering
the uncertainties of kinetic parameters, such as the delayed neutron fraction uncertainty used in
the kinetic calculation, the impact of the delayed neutron fraction uncertainty on the analysis
results was evaluated using benchmark problems. Furthermore, after new findings about the
covariance data in the evaluated nuclear data library etc., were collected, the updates and an
increase about covariance data were confirmed.

The findings obtained through the above research process will be utilized as a basis for

confirming technical validity during the licensing process.
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Table 2.1 Calculation condition at hot zero power in BWR equilibrium reactor.
HH XA
S EH ) 3926 MWt
P L 28 Y ) 3 B 52.2 kw/l
PO TE S I B 52.2E+06 kg/hr
JEO N DR 560.15 K
SR A4 T 73.1 kg/cm?a
IREHE A IR 872 &
B R (R YE) 371.04 cm
s 216 cm
g£E5KE YT 15.24 cm
il R A 205 AR
HilEEA & 363 cm

% 2.2 BWR PHTIF OO ST P B RF 1235 1 2 il IR T S s oo iR AT S
Table 2.2 Calculation condition of control rod drop accident at hot zero power in BWR

equilibrium reactor.

HH X E A

JROD N DR 286 °C

JE L B TERE D 20 % i &

SR U AT ) TERED 107

il A2 At 1 1.3 % Ak/k
AR AR P T o 0.7 m/s DEHE T

_ P m A7 T A (RO 120 %H1) A7 7 LR
AT T BRI HEFE 0.00 7. 1.44 5T 60 %. 2.8 5T 100 %3 A
T4 — KNy Ry 7 IRISEDREE (KNS EBE L 0.8 %)
Xy Sav IR LENAR O OfE & A (5,500 W/m?-K)

EFR P EE PARCS O G5l % {# (589 pcm)
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Fig. 2.5 Reactor core model of control rod drop accident at hot zero power in BWR equilibrium
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Fig. 2.6 Inserted reactivity curve at hot zero power in BWR equilibrium reactor.
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Fig. 2.7 Scram reactivity curve at hot zero power in BWR equilibrium reactor.
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Fig. 2.9 Calculation example of fuel enthalpy increment initiated by control rod drop accident

at hot zero power in BWR equilibrium reactor.
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Fig. 2.10 Calculation example of high temperature fuel failure in control rod drop accident at

hot zero power in BWR equilibrium reactor.
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Fig. 2.11 Calculation example of PCMI fuel failure in control rod drop accident at hot zero

power in BWR equilibrium reactor.
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Table 2.3 C5G7 three-dimensional benchmark results (detailed model).

FENHE T H B or RS 35340 2R & OFEXE 225 [%)]
$Elﬂjﬂ"J7‘ % 2R
23 EE | R 1.183810=+

(7‘ v o | KRR [s] 9.5pcm = o

. 5 KOLE | RALE

i) SWmEEo | RMS | kR | %

) (2.5000) | (2.5000)

3 4610 1.183950 0.98 1 0.27 1.11
(6426 cm) | (1.3h) | (14.0 pcm) : ' (2.4932) | (0.2335)

6 8438 1.183904 0.28 1 0.27 1.11
(32.13¢cm) | (2.3 h) (9.4 pcm) ' ! (2.4932) | (0.2335)

9 12598 1.183894 0.98 1 0.27 1.11
(21.42 cm) | (3.5h) (8.4 pcm) : ' (2.4932) | (0.2335)

12 16043 1.183889 0.28 L1 0.27 1.11
(16.065 cm) | (4.5 h) (7.9 pem) ' ! (2.4932) | (0.2335)

15 19797 1.183886 0.98 1 0.27 1.11
(12.852 cm) | (5.5 h) (7.6 pcm) : ! (2.4932) | (0.2335)

18 23284 1.183885 0.28 1 0.27 1.11
(10.71 cm) | (6.5 h) (7.5 pem) ' ! (2.4932) | (0.2335)

%24 CSGT3 YTV T~ — 7 FRATRR (M5 7 1)
Table 2.4 C5G7 three-dimensional benchmark results (Axial model).

FERh AR B0y O35 A0 SRR & DA%} 72
YT Ry SRR - [%]
o pEE | R | RHE 1.183810+
4 > % E‘ . = L. = L.
(?7 ;‘E/ [FI%L | RERET [s] (%9%'5%)551:1 ” - BA | Boefr® | Rl
= ) > g g:) ZEH | (2.5000) | (2.5000)
3 5 4534 1.184182 027 i 0.26 .11
(64.26 cm) (13h) | (37.2 pem) ' ' (2.4936) | (0.2335)
6 o
(32.13 cm) AR R
9 5 6288 1.184116 027 . 0.26 .11
(21.42 cm) (1.7h) | (30.6 pcm) ' ' (2.4935) | (0.2335)
12 5 8569 1.184108 0.8 L 0.27 .11
(16.065 cm) 2.4h) | (29.8 pcm) (2.4933) | (0.2335)
15 s | 14425 1.184091 0.2 . 0.28 .11
(12.852 cm) (4.0h) | (28.1 pem) (2.4931) | (0.2335)
18 s | 18025 1.184094 0.8 L 0.29 .11
(10.71 cm) (50h) | (28.4 pem) (2.4928) | (0.2335)
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L — U KR ESR E LT MOC #HEICEWVT BWR BREHEAR KL O LEZIR VR Z D & 9
(BT TR RE 2 P8R L7z, BIRERATIEICE SR MO PWR & BWR &Mk %
KRBT D EARBM A 2.14 [TR-T L& bIT, FRONPRA TS a VOEREZR 2.6 TR
3, PWR TlE, FEAFIRO PRIMITIVE % H\W\ T, BEHE TS 0% MIREER L, T
ZCELL £ 3%, 512, CELL Z##lA A b TREHEASIKREZEIE- 726 D% LATTICE &
L. £® LATTICE O#EHIZ XL ZEEEBIRLFLIRICIHH Y 9 %5 PLANE Z A58
%, —Ji. BWR TiX, CELL & LATTICE & O, #7212 FRAME #BL., F v %
NRy A ROV A—F—m vy R, Ut —F—Fx X, +FREEESEZET NV
fbcxs koL,

7 2.5 PWR LU BWR D& AR O Lhik
Table 2.5 Comparison of PWR and BWR geometries.

PWR BWR

F ¥ FRI REHEOMICH R ZAZ2R |- BREBEOMICKARY +—%

Ry 7 AW NESCHFNRHSBEANE (L —By RX vt —%—F~x

181 T, N6 E#HFRL T PWRIE Y3 (LLF, s & RRFR
BELT D) DEET D, LT BWR BAEHHEEL3T25) 2
PWR BRSO 1M {8 13k T FET 5,
KOBLE & 725, BWR JREHESE Ot E 13 H
PWR BAEHRSE DERITIEH O TAROELE & 72 5720,
BFA a2 A XL 5%LT BWR BRSO B BITIE T
INE VN, DF Ay a2aDP A4 XLD

REWEEDRD D,

F ¥ R ELE L7220, fF1ET %,

Ny 7 A

F X R Bite 3 2 EHES IR E TR it 3 2 BHEG R E TR

Ry 7 A4 BEN 2SI TR TH 5, BEDN RIS L » TR D,

181 H MR I FEE T, v v 7 +F RN FIET D,
DB TH D,
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Fig. 2.14 Fundamental unit representing radial geometry.

#2.6 WIRERSTETHWDIRMEIRA T 3
Table 2.6 Geometry option used in geometry overlapping method.
BT AT > g EFe
AR DO b E R 2R E2EE T2 HDOT
PRIMITIVE D, BIT®RAFEZEEL, BER, EFE. E5
. HEd3 5,

PRIMITIVE OFEH TEFRT H, M0 IK L %&ME
CELL ROFEAR L 722, B 2 IXBAIF AT IZ IV TUIEBRE
¥ CELL IZAHYS T 5,

CELL OEES % E#% L. CELL ® 2 KoThld & % &5

FRAME L
ET D,

CELL & L < IZFRAME #f & L CEHET D, Hlx

LATTICE X KA FEAT I B W TR BHE & K728 LATTICE [ ZAH
W45,

o 2y > o Vs 472

PLANE LATTICE %Al L CEERT D, Bl 2 TR AT

BV TIZEAEIIRDIF LIPS S T 5,

20




© BWR A2 IR RE D IEFE

BWR &IRIEREICB VT, ¥ A ARy 7 A, KAV —F—1 v K, U4—
Z—F ¥ rxv, RS O RMATERAEENCHER D f 2 TWD Z L aiBT 57
B, X 2.1512 3 20D FRAME O R E A ot THEEE L 72 A8 7 BWR BREHE & K %4 xf
RICR2TIIRT AR Fv— 7 MEERE L, Er T W aitEEOSRER & oG
B MRS AT e O T RO & 1T o 72, 728, FEMEhRREMAT 2 — R o
LA b L — RS L IURCHE SR 2 3R 2.8 1R,

FEIRERGDOYHIEOHEEORIEREE 29 1R L, v F~—27 B, CXQEIZD
WTIE, GMVP TRl L 72 EhifE=R (ZHR) L ol 5 L7,

Ry F~—27 AICE Y, CELL KO FREAM 7' & v 7 |2 X B IRERA DEEOFEEMN
TEREDFHERZHBELL TWHZ LD, HWUICHREL WL Z 2R L, XvF~v—
7 BEONC Tk, +FA#EIEEZ & A7 BWR (552D FRAME 7' 1 v 7 OFSRERGE % i
L. EHEEROLERE RS EFICHEEL WD LaMR L, R F~—2 DT
X, FHEALERRE O MEEZ F20i L, BWR KR OEDHERICERN LW LD, )
ICHEBTEDHZ L EMER L, &KEBIZ, XU F~—Z ETIE, Fx XA Ry 7 AfHA
DERITDONT 3 WITFEMF DBV 2 — FIB LT GMVP IZ L 25 RICE VR L
T, BENNSWZ EEMR L, Lo T, BWR BREHEA KK OYF NS IEIET 5
FX ARy 7 A, RARU A —F—nm v N Ut —F—F ¥ 30, RIS
DNTIGIR DB RN A T > 2 V2GS Z & THYICRY IR D 2 & 2R LT,

# 27 JBRELEEEIET IMENF~—7

Table 2.7 Verification benchmark list of geometry overlapping method.

Ry F~v—7 Mg F~— 27 O

A CELL I FREAM % W o Bk ER G b 2T 57D~
F<—7

B FREAM OB AMVERELZ R T AT DR F~—27 (HiEEH V)

C FREAM D REEAMREA R T H -0 DX F~w—27 (HlIEER L)

D LATTICE D[R RE # #EB T D7 OD X F~—7

E F ¥ U RXINVR 7 A AOBMICIROBMALIC L DB L HRT D
TeODXF~—7
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#29 JBPRELGEIECHEHTIMIER T~ —7 OfR

Table 2.9 Result of verification benchmark for geometry overlapping method.

TR
1H N
A RrvE (RN IE GMVP FHFRLAS R
A L3S 1.138803
JEARERE A 1.138803
B | 8XSBWRINEHEAK (TR L) ORIE (106085 0.00001)
0.954070

C | 8X8BWRREIEAIK (+FHiltHtEH V) (0.95427+0.00001)

[ B AL E 7R L 0.954070
D 90° [AlfiAAC E 0.954070
180° [Al#&AD & 0.954070
270° [BlHAAC E 0.954070
. . 1.395759

. Fyoxn®y 7 2 AHdY) (1.39583 +0.00001)
F ¥ U RIIVR Y 7 A (FuBR L) 1.395750

(3) 2 %kt MOC 5 o &1k
D2 &It MOC - RE DLk

3 WOCFERIIE D EVRFEfENT = — R D 5 B 2 kot MOC FHEMERE Tl A m 7 I TRIT
T2 1 AROFERICE B LI OIRD FEMT DN TRV Y ~ Uik R 2 iR & A R
HPE IR Z RO TV D, BIRRIC, 2 kTt MOC FHEMEEETIZ. AE m Fhich LIEHEOR
DFFT ﬁiwif@ﬁfmi%%%*w ReERRANG) 0 B> T2 SIS D& 77 A o NS4
HPEF R E RO D, [FRRIC, FATZRFRERR OB 7 A o b3 A JE Hp k730 © SR T 1)
FEEPE TR A RO D, BT, B7p 2 07 18 O SRV A B e 1 s D e 1 sl A ok
D, EFETREEHFL TWD, ZOEFETF R x)IZONTIE, QAR T EE
W77y MY —ZXEPEBRHA L, HBNT—FE LTWn5D,

G, Y) = Const. = + = + = oo e e (2.1.3)

ZDT7 Ty b= R A EIE DR R OB R AT I L2 A i, PR
DZE M A 2 IEfELS ﬁzétb@ﬂﬁ@%WA%ﬂﬁgkﬁéo_®kb\&ﬁwﬁﬁ
BOCHRATRS FE 2 MEFF 372 2 L NI CE 2T T L 2 287 IR T2 0ENH 5,

BRI Y — AT L, SN O ST TR, x KOy HFROAELE £ EE L T,
ANQRIAHTRTZENTE D,
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BCry) = 2+ it @y < (2.1.4)

INOLDR/RBAERDD ZLIZXY, HENOETEFROMERRT L ENTE D,
EBHTHDPZONWTIER, 7T v Y =X BLEFRIC, &7 A 2 MR A E T
RS RIEROME N CAEICET2EBEAOSIBEDICIVEET S, x & y TmOHREICS
WTix, X (2.1.5) TRODLHZENTE D,

(%)= (3 Mxy)‘l N1 (M ) AV 2.15)
¢3’ My, M,, d’ﬁ/ MyxMyx—MZ2, \=Myy, My d’ﬁ/

FROGNE, x &y HAO RE—=AL N THY | May Moy ROMy1E, S0I5H
DT 5 2E—A L b THD, ZHHDOERIIMMTH 5,

@2 &It MOC R RE DIk

BRIE Y — AL TV BN L7z 2 k5t MOC #HREFEEEIC D\ T, C5GT2 IRTE_ > F~
— 7 M8 (ZRBEAEER) 2T L. No 2 7T 00 Ry v agBih /T A—4%
&L CHGERZ FE e L7z, X 2.16 (21X, U0, &/, MOX /b, G/T & KO UT & CHi@ic
AWLNDENRNY I T T RA Yy a, 2,17 &, RAHRES D Ny 7 7T v KA
vy akmllc, 22T, LSKWFSIE, g, #MIBIEE 77 v Mz Rd,

C5G7 2 Wty F~— 7 [ (ZRBHEGIRIRR) (2310 2 FERh MR L OB R
ISR E S 2,10 OFFRSMCE S T FEM U 72 RS R L RS RN OFE R 2
T, #2101 RO 212127 7F, FSEZHWEGA, FSI D FSS ORIV, Ny 7
TV RAy a2 B HOTITHEOTIEE, SHRIESS ZE2mRE LT, —FH. LS &
WAL, FSI LRAIERANY 7 7T U RAy v afkhbTho THLSMME L HED
MUVERBHON TR, MY —AEBPMNIELS BEIRTWDLZ L E2MHER L, £,
TTFNOEWNCEDHAERBEZRE L2 2 A, LS ZiEA LzstHix FS5 & R DR
ThHHIEHMR LT, SHIT, HEEEMICOWTIZ, LS X FS5 OS5 TTh -7z,
Lo T, FHEIEE L EHBERFEOME ZRE0NZEE LZBIC, LS IR FSIZ X it
FEREAMERE L. GHAREM 2T 2 Z E BN ARETH D Z & 2R LT,
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(d) FS4 (¢) REF

4 2.16 G/T#, UTH, UO,E/L, MOXELDNy 7 7T 0 0 KAy v aiRiElik
Fig. 2.16 Setting of background mesh in G/T, I/T, UO; and MOX cells.

(a) LS, FS1

(b) FS2

(d) FS4

(¢) REF

(c) FS3

4217 RSO ANy 7 750 R Ay 2 E Gk
Fig. 2.17 Setting of background mesh in reflector region.
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#£2.10 C5G72 WXy F~—7 ME (BIREHEASIKRIER) OFFE &4

Table 2.10 Calculation condition in C5G7 two-dimensional benchmark (multi-fuel

assemblies).
HH - aa AR E B
A L. /T\ C5G72¥ #/\\‘:/7“7‘—‘& IﬂEIE
AR < = ﬁgf S : \ K \ e
Ny P 7T Ay a %] 2.1.2.5, [22.1.2.6 2/
T sl 82 A 7 Tabuchi-Yamamoto 43 /%
7 /2 1T D AR A S FIE 3
% U A 4N | K
Lt ke 2 7w \ZRES D iAoy FIEK — izi‘/v —
hL—2 %17 v
RES
K b L— g 0.02 cm
PR O/ SR 1.0x10°3
I HRCH R S TSR 1.0x10°3
GCMR i 1.0x10°
GCMR J# N A 1.0
#2.11 C5G72WmA_rF~—7 Ml (ZBEHEGIRIER) OEDHELER
Table 2.11 Effective multiplication factor in C5G7 two-dimensional benchmark (multi-fuel
assemblies).
A Ny g o .
N — N ~ N '_._‘/\ j:EEI %?2 %H’\E\ 4 O) = RA‘H\
e | somrr | ez %"ﬁ[_ﬁ']{”“ ﬁ;ﬁ; *? 'ﬁiiﬁﬁﬁ
A Ay v a iy El AT Z=3%5 [pem
FS1 X% 77 vk 1.187451 76 11
FS2 4X41EF 77 v bk 1.186965 35 16
FS3 8 X8 IEH 77 vk 1.186700 13 28
FS4 16 X16 1IE ) 77 v b 1.186539 -1 48
FS5 24 X 24 EJF 77 v b 1.186502 -4 70
LS DS HRIE 1.186519 -3 30

¥ G/TH, UTH, UO2E/L, MOX E/CHOWTIIRFM 8 4El, KEHAREKIC W T

X 2X21FEF
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# 212 C5GT 2N TF~—7 Ml (ZREEAERMER) DRS00
Table 2.12 Fission reaction ratio distribution in C5G7 two-dimensional benchmark (multi-

fuel assemblies).

N B o (e s 2N
B — A y5wL K vz | BOPRRISEAATER (%]

A 2oy E RMS B KHE
FS1 X 77 vk 1.47 5.34
FS2 4X4 FEJ 77 v h 0.66 2.67
FS3 8§ X8 IEJ7 77 v b 0.23 1.04
FS4 16 X16 1E )7 77 v b 0.16 0.62
FS5 24 X24 EJ7 AN 0.16 0.64
LS P S 0.17 0.68

¥ G/ITH, UTH, UO, B/, MOX BT DWW TR 8 4El, KEHRFERIZ >\ C
X 2X21EFH

(4) A v ¥ o REGIRRFH M EE
@ 2 %It MOC F5H & O 3 IR THL B B OB REdL IR

3 RITREMAT D EVRFEMEAT 20— R TiX, [l— O RATIR 2 H 3 2 BREHE SR T OB RUF
DEBELTHIFLTWDID, 8X8 KT 9X9 BWR BREHEA A2 AT HIREF LMASR
IZBWT, Ay vafRfBEERELTLEN, Ka—RE2HAT2 2 EnF#EChHo72, =
DIz, Ay aRNEGEOGEIZB W TH MU ATEE & 72 5 X 9 (i AE b P
Oy Bl 33 B OV Mk - /0 R i & 2 Yk o8 MOC #H8 & O3 Wk ek R RBS BRI A L 7=,

TR L M AR I IS BATANEIC S @ A ER T AT A v 3 2 R
BEROPMEFFEAE A > ¥ 2 g R O IR O BIEURB & Tl BBl 5 FIETH 5,

4 Ay a3 Ay v aPARETRICEET 2 R E%R (K218 M) 2B\ T,
B i hdiEZ AT 5 L. RQ21.6O~KQIHTFRT I I, 3 Ay =aflo
T i~ T3l 44 ¥ 2B 2 T T ot ~Jaouts A > ¥ 2 MRy ~y3 X
DAYV a REGICIVELDZY T A Y v alfiZ ~ZyuZHOTRATHZENTE D,

]1,in = ]1,outZ11;']z,outZz1 ............. (2.1.6)
1
]Z,in = ]z,outzzz;']g,outzgz ............. (2.1.7)
2
Z33+ Z,
]3,in — J3,0ut 33y3]4,out 43 0 0 e e e e e e e e e e (2.1.8)

— 7. B TPEF IR TEE. Ay Y a RBREERAEIZKIT S MOC & VAL
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GCMR NNIE FPE FIRERAE DS BB N RN T D K DR T 5, L7z o T 4 Ay v a KO
3A Y v aBAKEGMICEEET DA ESER (2192 ) IORT LAy 2R ES
BERTMOMOyTHEFIRE A vy a2 REGERm I & ICHRMICHE >, {(2.1.9)~K
211D EEY 3 A v 2 O RN TYETF )1 1,m~Jazml T 4 A v 2 2 GO
Sy T 1 oue~Jazoue BV TRT I LN T 5,

X2

X4

]1,1,in = ]1,1,out
fz,1,in = ]2,1,out
fz,z,in = ]z,z,out

fs,z,in = ]3,2,out

J3,3,in = J3,3,0ut

f4,3,in = ]4,3,out

Jiour )|z
Z21]
J20ut e Zys
Z32
J3out )
Z33
Jaout )| Z43

‘ ]3,in

....... (2.1.10)
....... (2.1.11)

....... (2112)

....... (2113)
....... (2114)

V1

V2

V3

2,18 NEE A v v 2 KRITBIT D HFE L i Bl iE O

Fig. 2.18 Overview of aria ratio neutron flow allocation method in inconsistent mesh system.
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x| | J11,0uc —) — ] 3
1
]2,1,0ut — — ]2,1,in
X2
]2,2,out - - ]Z,Z,in
""""" Y2
" ]3,2,0ut ) —) ]3,2,in
3
J3z0ur mmmh| Jesin
V3
Xo || Jagout o) — j—) Jazin

X 2.19 AREE A v 2 (RKRITEBT D T M-k Ay BC T 1B OB

Fig. 2.19 Overview of detail neutron flow allocation method in inconsistent mesh system.

@ A vy a REAGRRITIT 2 i FE M0 50 Bl s B OV M 1 20 Bl I O B BE AR
Ak

1A B R 0 0 B v B OV M T 0 BB OB BERRGE & LT, & 2,13 IR T K%
L7z, XU F~—27 A KO BlE, Ay v a RBEGERRLUATOARESGITER LT
BN EEERT DHMARBRAETH D, X F~v—2 C KD IEA Y vaREEEZED
B, BEARNELE LR TH D, 20, Ay v a RESGERAZTY WO FiEN T
TETCWDINEDEHRT D, X F~—27 Eld, AT ADORBELHRT DFHE
Th o,

A ¥ 2 REEGRR O ERE L IR 0 Bl ORRGERE R A2 R 2.14 (TR, XF~v—
JNT CIXB IR L O RPN, BERREREZ R L C0NDZ L 2R L, -, B
B HPE IR ELIEIC O W T Rk R3S bz,
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& 2.13 AT AR O BL TR K VR T VE 0 BUIE OFERERRED T 0 D A > 2 =

REAHR

Table 2.13 Inconsistent mesh system for aria ratio neutron flow allocation and detail neutron

flow allocation methods.

~N Rk Ay N

T~ | kR KR A | AR | GO

~ S P

A | BT 5 JEE -
SRR L . B

B kikx * IR
gL .

C | Az 5 w1t 5
NIy
YExrL .

D | RELME & ¥y #
Ny
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EHEE
E | ZEHES
INENEA

f FEHE A

# 2.14 ERLTYETFRSEEIC BT D IR O ik

Table 2.14 Comparison of effective multiplication factor in aria ratio neutron flow allocation

method.
N Fe #4‘31@@%1'%33 [—] o
— 3 RotEEANEDAF S SR & DFE R [pem] | FHEFERM [sec.]
‘l‘iﬁgﬁﬁ‘_‘ R 2> R g
A 1.138870 1.138870 0.0 0.9
B 1.278968 1.278967 0.1 0.9
C 1.139612 1.139613 0.1 0.9
D 1.279786 1.279786 0.0 19.3
E 1.138927 1.138927 0.0 19.3

@ A v v a FEGERICBT 2GR

Ay a REEERITE T 2 FEF I OB /Y BLiE OB REIR R O AMEE L LT, X
2.20 (27”9 BWR A RIRES DAR OMENT 2 %0 L=, 723, mERLPET o EEIC
DNTIE, Ay v aBERE EOPETIROEMIKEEE BB 5 2 LN TERVEDRE
RREEZ Sl L 7e o 7o, RO AT IRIZ OV TIE BB SOk 4P ICRE STV A EAR
R— AL L, RIEFLE L TCOBEAEEZ RS EDEAKRE v F 1L 1524 cm & LESIK
FIEr o 78, F v v RR 7 ARIRBEAROBAIBRICEDE THELE, 2B,
TEREERIIFA L2V DL L, ¥y v 7HEIOMEZVWTh bR E L,

%] 2.20 12773 BWR LG IRIRAENF DR D RIS R & 820 RS ZR 5340 O FRAT 6 R A
FREN, % 215 KO 221 157, 2B, K221 TIE, BWR EARELEFLERO
IRBHER IR A TRINTR L. ORISR POZLLT ORI HED & {2V OB RIOGHR
P DEFERE B 2 R FROFEMEA 1 L 72 5 X D Bk b LT,

Pi = Eg Zr Zf.g,i,r ¢g,i,rVi,r ............. (2.1.15)
g D TRV — R
i B EE
r BN OEEE S

31



Vir @ SEERO R
Z:f,g.i,r < BEIR DG4S B R
bgir * FRORPHET R

8X8 KN 9X9 BWR BREHE A RIEIERRIZI T D FHANEMEHE K & /LA T Oy 2
BOGSZ A OFHEAERIT. GMVP OFHERERE X< —HLTWDHZ &b 8X8 KT 9X9
BWR AEHEGHRIBTERRICBIT 2 A v v a REAZHEUNICHR A 2 2 L 2B L7z, L
72735 T, BWR A ERIBEFOMERED A v ¥ o REGFN T, B T 13/ Bl ik
EEHATAZEE LT,
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X 2.20 8X8 K TN9X9 BWR BKHEA IRIE A%
Fig. 2.20 Mixed system with 8 X8 and 9 X9 BWR fuel assemblies.
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#2105 8X8 KT 9 X9 BWRIRLHEG RIRIAMNRICIS T D I8 O i
Table 2.15 Comparison of effective multiplication factor in mixed system with 8 X8 and 9 X

9 BWR fuel assemblies.

EDMFEE [~

3 WO EE A ED REME AR AT SR L DR [pem] | FHERER [sec.]
S GMVP
1.39635 1.39635 —34 452
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(b) 9X9BREHEAIK
2 2.21 8X8 KT 9X9 BWRIAEHEGIKIRBTIERRIZI T D85y RG340 D Lk
Fig. 2.21 Comparison of fission reaction ratio distribution in mixed system with 8 X8 and 9

X9 BWR fuel assemblies.
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- FFEEE
- GMVP
— ERROR

1.3802] 1.2168| 1.1554| 1.1365| 1.1360| 1.1542 1.2141| 1.3739
1.3790| 1.2167| 1.1551] 1.1359| 1.1358| 1.1543| 1.2144| 1.3738
0.09%| 0.01%| 0.03%| 0.05%| 0.02%| -0.01%| -0.02%| 0.01%
1.2229] 1.0551| 1.0069| 1.0044| 1.0040| 1.0056| 1.0516] 1.2140
1.2224| 1.0556| 1.0072| 1.0043| 1.0045| 1.0061| 1.0522| 1.2144
0.04%| -0.05%| -0.03%| 0.01%| -0.05%| -0.05%| -0.06%| -0.03%
1.1647| 1.0096| 0.9974| 1.0641| 1.0637| 0.9958| 1.0057| 1.1541
1.1638| 1.0095| 0.9968| 1.0622| 1.0614| 0.9948| 1.0061| 1.1543
0.08%| 0.01%| 0.06%| 0.18%| 0.22%| 0.10%| -0.04%| -0.02%
1.1470|  1.0085| 1.0655 1.0637| 1.0040| 1.1364
1.1464] 1.0079| 1.0633 1.0614| 1.0045 1.1358
0.05%| 0.06%| 0.21% 0.22%| -0.05%| 0.05%
1.1477|  1.0090| 1.0660 1.0641| 1.0044| 1.1366
1.1465| 1.0085| 1.0638 1.0622| 1.0043| 1.1359
0.10%| 0.05%| 0.21% 0.18%| 0.01%| 0.06%
1.1671] 1.0116] 0.9993| 1.0660| 1.0655| 0.9974| 1.0069| 1.1552
1.1658| 1.0118| 0.9988| 1.0638| 1.0633| 0.9968 1.0072| 1.1551
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Fig. 2.26 Radial power distribution and associated biases at EOC in cyclell in Tihange-2.
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Fig. 2.27 Radial power distribution and associated biases at EOC in cyclell in Tihange-2.
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